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6.1

GENERAL DISCUSSION

general oBJectiVe
the overall objective of this thesis was to extend the insight in the clinical applicability 
of body fluid biomarkers for ad. to this end, we evaluated the biomarkers in relation 
to several other factors:

 » to explore the effects of apoe genotype, in relation to other risk factors, on csf 
biomarker levels

 » to explore the clinical applicability of csf biomarkers in differential diagnosis
 » to explore the value of csf biomarkers in relation to ad disease progression 
 » to develop novel plasma biomarkers for ad

in this chapter, results are summarized and put in perspective

ad and apoe genotype
in chapter 2.1 we examined the associations between apoe genotype and age 
with csf biomarker levels. several articles have been published about the relations 
between apoe genotype and csf biomarkers in ad patients and controls,1-9 but the 
results of these studies were often conflicting and were based on small samples. few 
studies focused on the combined association of apoe genotype and age on csf 
biomarkers, mostly in controls.1-3,5

in our study, we investigated the associations of apoe genotype and age with 
csf biomarker levels of ab42, tau and ptau-181 in a large cohort of ad patients and 
controls. in controls, apoe ε4 carriers had more abnormal levels of ab42 (lower), tau 
(higher) and ptau-181 (higher) than controls without the ε4 allele. for ab42 the effects 
of apoe genotype and age were independent, as both risk factors were associated 
with lower ab42 levels, and these effects were additive. however, there was an 
interaction between apoe genotype and age for tau and ptau-181: higher tau and 
ptau-181 csf levels in apoe ε4 genotype were only seen in older controls. the effects 
of higher age and apoe ε4 carrierstatus were additive for ab42 levels, while higher 
csf tau and ptau-181 levels were only seen when both risk factors were present. a 
possible explanation for this finding is that amyloid pathology develops due to either 
of these risk factors, while tau/tangle pathology only occurs when both risk factors are 
present. 

in ad patients we found that the relation between apoe ε4 carrierstatus was 
different for younger and older patients. in younger patients we found the highest csf 
tau and ptau-181 levels in the ε4 non-carriers, while in older patients we found the 
opposite, highest tau and ptau-181 levels were seen in the ε4 carriers. these findings 
could provide support for the existence of subtypes within ad.

in chapter 2.2 the analysis of a study into the combined effect of hypertension and 
apoe genotype on csf biomarker levels was described. hypertension is associated 
with an increased risk for ad,10-12 however it is not yet clear which mechanisms underlie 
the association between hypertension and ad. a possible modifying factor in the 
association of hypertension and ad might be the apoe ε4 genotype. to explore 
the role of hypertension, in relation to the apoe genotype in the pathogenesis, we 
examined whether hypertension was associated with csf biomarker levels of ab42, 
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tau and ptau-181, and whether the apoe genotype modified these associations in a 
large memory clinic cohort (including patients with subjective complaints, mci and 
ad). in this study we found that the associations of the apoe genotype with csf 
tau and ptau-181 levels were modified by the presence of hypertension. in apoe 
ε4 homozygous patients, and to a lesser extent in apoe ε4 heterozygous patients, 
hypertension was associated with higher levels of csf tau and ptau-181, whereas in 
the non-carriers it was not. hypertension was not associated with ab42 levels and 
apoe genotype did not modify this relation. our data imply that hypertension is 
directly related to tau/tangle pathology in apoe ε4 carriers. 

in chapter 2.3 we looked into the effect of the apoe genotype in prediction 
models for progression from mci to ad using csf biomarkers. apoe ε4 genotype 
and abnormal csf biomarkers have both been reported as predictors of cognitive 
decline in mci patients,13,14 however their joint effect was not yet clear. in our study 
we aimed to examine the combined value of csf ab42 and tau levels in relation to 
apoe ε4 genotype, as predictors for progression to ad in a group of mci patients. 
With this study we confirmed previous studies in which both ab42 and tau were good 
predictors.13-16 in addition, we found that the apoe ε4 carrierstatus was a moderate 
predictor for progression. furthermore, we found that the predictive value of csf 
ab42 was higher in apoe ε4 non-carriers, than in ε4 carriers. in ε4 non-carriers 
progression was associated with lower levels of ab42, whereas in the ε4 homozygous 
carriers progression was independent of ab42 levels. By contrast, the predictive value 
of csf tau levels was independent of the apoe genotype.

in the study described in chapter 2.4 we focussed on the role of microbleeds. 
recent findings indicate that microbleeds are relatively common in the general 
elderly population, and are even more frequently observed in ad patients.17-19 the 
clinical significance of microbleeds in the pathogenesis of ad remains elusive.20,21 
microbleeds are presumably related to amyloid plaques near vessel walls, additionally 
they have been related to vascular disease. since apoe ε4 genotype is related to 
increased amyloid deposits and is a risk factor for vasular disease, it was assumed that 
microbleeds are more prevalent in ε4 carriers, than in ε4 non-carriers. We investigated 
in ad patients the associations of microbleeds with clinical, neuropsychological 
and mri characteristics, the apoe genotype and levels of cerebrospinal fluid (csf) 
biomarkers. We found that having multiple microbleeds was strongly, though non-
significant, associated with the apoe ε4 homozygous carrierstatus. in addition, 
multiple microbleeds were associated with lower levels of ab42. furthermore, patients 
with multiple microbleeds had more pronounced cognitive impairment in several 
cognitive domains. these results suggest that apoe ε4 carrierstatus increased the 
risk for the occurrence of many microbleeds, subsequently these microbleeds could 
play a role in cognitive deterioration. microbleeds, could thus be important in the risk 
mechanism of apoe ε4 carrierstatus for ad. 

discussion of the findings on ad and apoe genotype
the most widely accepted theory with regard to apoe genotype in the pathogenesis 
of ad lies within the so-called ‘amyloid cascade hypothesis’. according to this 
hypothesis, it is assumed that the development of ad is initiated by abnormal 
cleavage of the amyloid precursor protein (app), resulting in increased availability of 
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amyloid. the apoe ε4 genotype is considered a risk 
factor since it is associated with increased production 
and decreased clearance of amyloid, which leads to 
increased availability of amyloid beta in the brain.22-

24 in turn this leads to increased accumulation of 
amyloid in plaques. tangles containing tau are 
formed in response to amyloid plaques in a later 
stage. the combined effect of amyloid plaques and 
tau tangle pathology leads to neurodegeneration, i.e. 
loss of synapses, that lead to the clinical symptoms of 
ad. the role of the apoe genotype is considered as 
an up-regulator of this process, as shown in figure 1.

there are however several other hypotheses 
regarding the mechanism of apoe ε4 genotype 
as risk factor for clinical ad. first, the apoe ε4 
genotype has been associated with an increased 
risk for cardiovascular problems, which in turn have 
been shown to be related to clinical ad.25,26 secondly, 
inflammation is regarded as a contributor to ad 
pathology and has been shown to be dependent on 
apoe ε4 genotype.27-29 thirdly, recent studies showed 
that apoe ε4 mice models had an impaired synaptic 
plasticity in the cortex and hippocampus following environmental stimulation, in 
comparison to apoe ε3 mice, indicating that the apoe ε4 genotype seems less able 
to adjust its cognition to a more challenging environment.30 

in chapter 2, we found support against an exclusive role of apoe ε4 as upregulator 
of amyloid beta, while our studies were in line with the proposed alternative hypotheses 
on the role of apoe ε4 in the pathogenesis of ad. We revealed that the combination 
of higher age and apoe ε4 carrierstatus in cognitively healthy subjects was associated 
with higher tau and ptau-181 levels, whereas these factors were independently 
associated with lower ab42 levels. in chapter 2.2 we showed that the combination of 
hypertension and apoe ε4 carrierstatus was associated with higher levels of tau and 
ptau-181, whereas this was not seen for ab42. from these data it seems that apoe 
ε4 carrierstatus independently leads to a decrease of ab42, while the increase of tau 
and ptau-181 is also dependent on other risk factors, like older age or hypertension. 
it could be hypothesized that amyloid alone is not sufficient for the development of 
tangle pathology, but that other risk processes are also required in these apoe ε4 
carriers, suggesting a more multifactorial etiology. in chapter 2.3 we showed that the 
predictive value of csf ab42 for progression to ad was modified by apoe genotype. 
an explanation for the less strict relation between clinical progression and ab42 (and 
thus amyloid) in apoe ε4 homozygosity could be that other damage processes (vascular, 
inflammation and decreased plasticity) associated with apoe ε4 genotype also play 
a role. ad, and especially tangle pathology, could in larger extent be multifactorial 
in ε4 carrying patients than in patient that lack the ε4 allele. Based on the results of 
our studies, we propose a refined model for the role of the apoe genotype in the 
pathogenesis of ad, as is shown in figure 2. in this model, the apoe genotype directly 

Figure 6.1. APOE genotype in the pathogenesis of AD following the ‘amayloid cascade’ 

hypothesis 

There are however several other hypotheses regarding the mechanism of APOE ε4 genotype 

as risk factor for clinical AD. First, the APOE ε4 genotype has been associated with an 

increased risk for cardiovascular problems, which in turn have been shown to be related to 

clinical AD.25,26 Secondly, inflammation is regarded as a contributor to AD pathology and has 

been shown to be dependent on APOE ε4 genotype.27-29 Thirdly, recent studies showed that 

APOE ε4 mice models had an impaired synaptic plasticity in the cortex and hippocampus 

following environmental stimulation, in comparison to APOE ε3 mice, indicating that the 

APOE ε4 genotype seems less able to adjust its cognition to a more challenging 

environment.30  

In chapter 2, we found support against an exclusive role of APOE ε4 as upregulator of 

amyloid beta, while our studies were in line with the proposed alternative hypotheses on the 

role of APOE ε4 in the pathogenesis of AD. We revealed that the combination of higher age 

and APOE ε4 carrierstatus in cognitively healthy subjects was associated with higher tau and 

ptau-181 levels, whereas these factors were independently associated with lower Aβ42 levels. 

In chapter 2.2 we showed that the combination of hypertension and APOE ε4 carrierstatus 

Figure 1. apoe genotype 
in the pathogenesis of ad 
following the ‘amayloid 
cascade’ hypothesis
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upregulates the formation of 
plaques, however indirectly 
it also upregulates tau tangle 
formation, by upregulation of 
other damage processes, e.g. 
vascular damage, increased 
inflammation and impaired 
repair. 

the model, as shown in 
figure 2, may have conse-
quences for treatment options 
for ad. it is conceivable that 
for apoe ε4 carriers (especially 
for homozygotes) therapeutic 
strategies should not solely 
focus on amyloid beta 
plaque reduction, but also on 
managing other processes, like 
vascular risk factors and abundant inflammation, to counteract tangle formation. as 
an example, a recent publication describing risk reducing effect of nsaid for the 
development of ad, found that this effect was present only for those with the apoe 
ε4 genotype.31 in addition, clinicians should be more aware of hypertension in apoe 
ε4 carriers, since ε4 carriers could benefit more from antihypertensive treatment in the 
prevention of dementia. and, in our opinion, treatment trials for hypertension using 
dementia or cognitive decline as outcome measure should include stratification for 
apoe genotype to allow for evaluation of the extent to which treatment effects are 
modified by the apoe ε4 genotype. furthermore, the model presented could imply 
that anti-amyloid therapy in humans is more effective in apoe ε4 non-carriers than in 
ε4 carriers.

the value of csf biomarkers in differential diagnosis of ad
in chapter 3.1 we explored the value of csf biomarkers in the setting of a local 
hospital memory clinic. in research settings high sensitivity and specificity have been 
shown for differentiation of ad patients from controls based on these markers.32-34 
specialists from local hospital memory clinics are becoming increasingly aware of 
this, and are more often sending csf samples for analysis to central specialized 
laboratories, and results are used in their diagnostic process. however the setting in 
these clinics differs in many ways from a research setting, and from a tertiary referral 
setting, and it could be questioned whether results of studies from research settings 
could be generalized to the setting of a local hospital memory clinic. to clarify the 
effects of these differences, we evaluated the role of csf biomarker levels in the 
diagnostic process of a local hospital memory clinic. as outcome measures we used 
change in diagnosis and change in confidence in the diagnosis. patients were clinically 
diagnosed with no dementia, mci, ad or another type of dementia (i.e. ftld, lBd, 
Vad). We found that the csf biomarker results matched the primary clinical diagnosis 
in 69%. in the group with an initial diagnosis of ad this was 77%, which was lower 

Figure 2. refined model of the role of apoe ε4 
genotype in the pathogenesis of ad

was associated with higher levels of tau and ptau-181, whereas this was not seen for Aβ42.

From these data it seems that APOE ε4 carrierstatus independently leads to a decrease of 

Aβ42, while the increase of tau and ptau-181 is also dependent on other risk factors, like older 

age or hypertension. It could be hypothesized that amyloid alone is not sufficient for the 

development of tangle pathology, but that other risk processes are also required in these 

APOE ε4 carriers, suggesting a more multifactorial etiology. In chapter 2.3 we showed that 

the predictive value of CSF Aβ42 for progression to AD was modified by APOE genotype. 

An explanation for the less strict relation between clinical progression and Aβ42 (and thus 

amyloid) in APOE ε4 homozygosity could be that other damage processes (vascular, 

inflammation and decreased plasticity) associated with APOE ε4 genotype also play a role. 

AD, and especially tangle, pathology could in larger extent be multifactorial in ε4 carrying 

patients than in patient that lack the ε4 allele. Based on the results of our studies, we propose a 

refined model for the role of the APOE genotype in the pathogenesis of AD, as is shown in 

figure 6.2. In this model, the APOE genotype directly upregulates the formation of plaques, 

however indirectly it also upregulates tau tangle formation, by upregulation of other damage 

processes, e.g. vascular damage, increased inflammation and impaired repair.  

Figure 6.2 Refined model of the role of APOE ε4 genotype in the pathogenesis of AD 
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than could have been expected from the literature,32,33 whereas in the other diagnostic 
groups this percentage was even lower. in one out of ten patients the primary clinical 
diagnosis was changed, and in addition overall confidence in diagnosis increased after 
the csf profile was known. the increase in confidence, after the csf profiles were 
revealed, was highest in ad patients. 

our results imply that in addition to clinical evaluation, neuropsychological 
examination and mri, csf biomarker levels can help a local hospital memory clinician 
by increasing the confidence in the diagnosis, especially for confirmation of the 
diagnosis of ad.

in chapter 3.2 we investigated the additional value of csf ab40 levels in the 
differentiation of patients with frontotemporal lobar degeneration (ftld), patients 
with ad, and controls. until now, no satisfactory set of biomarkers has been found 
to distinguish ftld from either ad or controls.35-40 in a preliminary study we found 
lower csf levels of ab40 in ftld compared to both ad patients and controls.35 in this 
study we investigated whether measurement of csf ab40, next to the conventional 
biomarkers ab42, tau and ptau-181, had additional value in the discrimination of the 
three diagnostic groups. We found that csf ab40 levels could aid in the discrimination 
of ftld and controls, and to a lesser extent in the discrimination between ad and 
controls. for the discrimination between ad and ftld  csf ab40 levels were of no 
added value, contradicting our earlier preliminary study.35 

discussion of findings on the value of csf biomarkers in 
differential diagnosis of ad
a clinical diagnosis of ad is made according to clinical criteria such as the nincds-
adrda criteria for ad.41 these clinical criteria are not ideal, studies report sensitivities 
of 79-98% and specificities of 56-84% for nincds-adrda criteria compared to post-
mortem examination, still considered to be the golden standard.42-46 our studies 
concerned csf biomarkers that reflect the pathology of ad. the sensitivity and 
specificity of these csf biomarkers are reported as 86-92% respectively 86-89% as 
compared to post-mortem examination.47,48 in addition, the csf biomarkers can be of 
help in the differential diagnosis of ad. With the use of the csf biomarkers 82% of 
the diagnoses could have been made correctly.49 in our studies we used the clinical 
diagnosis as standard and this may be regarded as a limitation. the diagnosis of ad, 
and other dementia types, should possibly to a larger extent be based on biomarkers 
for pathology. this would be very important with the development of therapies 
that intervene in these pathological processes, such as anti-amyloid immunization 
therapies. now, new criteria for the diagnosis of ad are developed where the diagnosis 
of ad is not only based on clinical findings, but also on ancillary investigations, like 
csf biomarker measurements.50 With these new criteria, the diagnosis of ad would 
probably in larger extent reflect the pathology of amyloid plaque formation and tau 
tangle accumulation. 

in the results presented in chapter 3.1 there was a substantial group of patients 
where the clinical diagnosis did not match the profile of the csf biomarkers, e.g. 
the patients had a csf profile that fitted ad but were clinically diagnosed otherwise. 
Clinically, these patients apparently did not have ad, whereas possibly pathologically 
they did have ad. in this study there were many patients with other types of dementia, 
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like ftld, dlB and Vad.51,52 it is known that there is a considerable part of patients 
that at post-mortem examination appear to have mixed pathology e.g. lewy Bodies 
and amyloid plaques/tau tangles. this could be an explanation for the disappointing 
figures on discrimination in our study. 

for ad we now have several biological markers to gain insight in the pathological 
processes in vivo (e.g. csf biomarkers but also piB-pet). however, for other dementia 
types less specific markers are available to gain insight in vivo in the pathological 
processes that underlie the clinical presentation. We feel for this reason that the 
development of specific biomarkers for other types of dementia could be of benefit in 
the further discrimination of ad. 

in chapter 3.2 we examined whether ab40 could be such a marker for ftld, 
however the specificity for ftld appeared limited in this study. more effort should be 
made to develop biomarkers to increase the discrimination of ad from these types of 
pathologies and preferably these biomarkers should be disease specific. for example, 
for ftld changes in the proportion of 4r and 3r tau isoforms could be an interesting 
candidate,53 and for dlB alfa-synuclein could be promising since this protein is mainly 
found in lewy Bodies.54,55 in addition, ab40 might be a possible biomarker for Vad, 
since it has been shown that vascular amyloid pathology is associated with altered 
ab40 levels.56

progression of ad and csf biomarkers
in chapter 4.1 we examined the value of csf biomarkers as predictors of cognitive 
decline in ad. csf biomarkers are associated with progression of mci to ad.13,15,57 
results from studies to further cognitive decline in relation to the csf biomarkers, 
however, are conflicting, and often have limited statistical power.4,8,58-64 it would be 
equally important to find a biomarker that reflects the course of ad, in order to 
monitor disease progression and effects of possible future treatment options. to this 
aim we examined the value of csf ab42, tau and ptau-181 in prediction models for 
cognitive decline over time, as measured with the mmse, in ad. We found high tau in 
combination with less elevated ptau-181, as represented by a low ptau-181/tau ratio, to 
be the strongest predictor for cognitive decline over time in ad. low ab42 levels, high 
tau levels and a high tau/ab42 ratio were also associated with more rapid cognitive 
deterioration. our findings imply that especially high tau levels, without proportionally 
increased ptau-181 levels, are an indicator for an aggressive form of ad. 

in chapter 4.2 we investigated the value of seven biomarkers (ab42, tau, ptau-181, 
ipf2α-Vi, nfl, nfh and ab40) in a longitudinal follow-up study in order to identify 
biomarkers that reflect the course of ad. several previous studies have evaluated csf 
ab42, tau, ptau-181 as disease stage markers for ad, to investigate whether these 
markers could be used for the monitoring of disease progression.65 however, until 
now these ad-specific biomarkers showed little effects in longitudinal settings, as 
shown in a recent meta-analysis.66 We hypothesized that less specific csf biomarkers 
like ab40, isoprostane, nfh and nfl would possibly perform better in a longitudinal 
setting. We found that levels of isoprostane, nfl, ab40 and tau changed over time, 
whereas levels of ab42 and ptau-181 did not change. levels of nfl decreased over 
time, and levels of isoprostane, ab40 and tau increased. When comparing the effects 
over time of the measured biomarkers it appeared that the effect of isoprostane was 
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largest. in addition increase in isoprostane was associated with progression of mci to 
ad, and annual change in isoprostane levels was associated with cognitive decline 
as measured by mmse, while for the other biomarkers there was no association with 
cognitive decline. for this reason isoprostane seemed the most promising marker to 
monitor disease progression in ad. in this study we confirmed that specific markers 
for ad like ab42 and ptau-181 are not valuable for the longitudinal monitoring of ad. 
these specific markers seem to be state marker for ad, that only show change before 
the onset of ad. non-specific biomarkers, by contrast, show longitudinal effects and 
could be used to monitor disease progression in ad.

discussion of the findings on progression of ad and csf 
biomarkers
the formation of amyloid plaques has been assumed to be an early process in the 
pathogenesis of ad.67 amyloid has been shown to drive the aggregation of tau 
tangles.68 it seems however plausible that cognitive decline is not only associated 
with the core ad pathologies, of amyloid plaques and neurofibrillary tangles. non-
specific processes like neuronal cell death and synaptic failure, seem far more 
important for cognitive deterioration.68 this hypothesis is supported by several types 
of studies. first, amyloid deposition does not correlate well with dementia severity or 
disease progression.69 second, there are many cognitive intact elderly, with profuse 
amyloid-beta plaques and neurofibrillary tangles in their brain, while conversely, many 
demented elderly do not have sufficient plaques or tangles for a diagnosis of ad.52 
in addition, vaccination studies with antibodies against amyloid have not yet shown 
major cognitive improvement, even though the amyloid plaques decreased.70 

in both studies described in chapter 4 we found further confirmation for the 
hypothesis raised in the previous paragraph, that in later stages of ad non-specific 
pathologic processes are most harmful.  in chapter 4.1 we showed that patients with 
high csf tau, in combination with relatively less elevated csf ptau-181, had the most 
aggressive type of ad. csf tau has in previous studies been suggested as a reflector 
of the degree of neuronal cell death, and to be more general marker for neuronal 
damage,40,71-74 whereas csf ptau has been assumed to reflect phosphorylation and 
tangle formation.9,73,75 thus, in this study we showed that a non-specific marker was 
most related to cognitive decline. in chapter 4.2 we showed that levels of isoprostane, 
nfl, ab40 and tau were associated with disease progression in ad, whereas levels 
of ab42 and ptau-181 were not. csf ab42 and ptau-181 could be considered as 
specific markers for ad pathology, whereas the other biomarkers reflect ‘ad-non-
specific’ pathological processes. We again confirm that csf tau is associated with 
further disease progression of ad, as marker of the degree of neuronal cell death.40,71-

74 While, other biomarkers, isoprostane and nf,l seemed to perform even better. 
neurofilaments (nfl) are markers for neuronal cell loss and isoprostane is an oxidative 
stress marker, and especially these processes seem to be important in the later stages 
of progression of ad. this implies that once a patient has the core ad pathologies, of 
amyloid plaques and tau tangles, to a certain extent, other less specific processes are 
more significant for disease progression and further cognitive decline. 
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development of new plasma biomarkers for ad
in chapter 5.1 we evaluated plasma ab in the differentiation of ad from controls. 
plasma ab40 and ab42 levels have been found predictors for the development of ad in 
healthy elderly,76,77 but these biomarkers had not yet been evaluated for the diagnosis 
of ad. in our study we determined ab40 and ab42 plasma levels in a preliminary 
cross-sectional setting, to differentiate ad patients from controls. to maximize group 
differences, only ad patients with a pertinent ad csf-profile, and controls with a 
normal csf-profile, were selected. We found no difference in the values of plasma 
ab40 or ab42 or ab42/ab40 ratio between controls and ad patients. in addition, 
there was no correlation between plasma and csf levels of ab42. thus, even in a 
sample of overt ad patients and controls, we could not observe any discriminating 
value of plasma ab. it seems that the clinical relevance of plasma ab40 and ab42 is 
limited in the diagnosis of ad, especially compared to the discriminative power of  the 
csf biomarkers.

in chapter 5.2 we described the use of mrna expression measurements by 
Q-rt-pcr for several signaling markers related to inflammation, hematopoiesis and 
apoptosis. a recent study reported that an 18-analyte multiplexed plasma panel 
could differentiate ad from controls, using signaling markers. in our study we have 
measured mrna expression for nine of these promising biomarkers: ccl5, csf1, 
icam1, igfBp6, il1a,  il3, il8, pdgfB and tnf. however, expression levels of mrna 
igfBp6, il1a, il3 and pdgfB were too low to analyze. anoVa for repeated measures 
revealed that mrna expression levels of icam1, il8, ccl5, csf1 and tnf were in 
general, albeit non-significantly, lower in ad patients than in controls. in addition, 
there was an interaction for diagnosis and mrna genes, indicating that the pattern 
of expression of mrna genes differed by group. further analyses of individual mrna 
genes showed that expression of mrna ccl5 was lower in ad patients than in 
controls, while there were no other significant differences between groups. levels of 
both ccl5 and tnf were correlated to csf levels of tau and ptau-181, which adds 
to the likelihood that these markers indeed reflect a process that is related to ad 
pathology. furthermore, both ccl5 and tnf were correlated to mmse. these results 
imply that mrna expression of ccl5, and possibly also tnf, in plasma could be used 
to help identify ad patients. 

discussion of the findings on development of new plasma 
biomarkers for ad
in chapter 5 we focused on the development of novel plasma biomarkers for ad. up 
to now there were no plasma biomarkers available that perform in the same range 
of sensitivity and specificity as csf ab42, tau and ptau-181. in tertiary settings csf 
biomarkers ab42, tau and ptau-181 are often used, and these markers perform well for 
differentiation of ad from healthy controls.32 however, these markers are not available 
in all clinics and obtaining csf is considered by many as an cumbersome procedure. 
efforts have been made to develop a plasma test for ad to overcome these problems.

in chapter 5.1 we showed that plasma ab40 and ab42 measurements are not 
suitable for the diagnosis of ad. in addition, we found that there was no correlation 
between csf and plasma levels of ab42, which implies that the blood brain barrier 
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is an obstruction for amyloid to cross to the plasma compartment. it seems that a 
different kind of markers is needed as plasma marker for ad. for further studies on 
the discovery of novel plasma biomarkers, it should be taken into consideration, that 
one should either seek a brain derived biomarker that easily crosses the blood brain 
barrier, or that one seeks a biomarker that reflects a systemic response to the disease. 
in chapter 5.2 we examined the mrna expression for several signaling proteins, 
that could be related to ad. We found that mrna expression of ccl5 was lower 
in ad patients than in controls with reasonable discrimination. mrna expression 
was correlated to csf biomarkers for ad pathology and to the mmse. this makes 
it feasible that change in ccl5 expression is a systemic response to ad pathology 
in the brain. ccl5 mrna expression could be a promising plasma biomarker for the 
diagnosis of ad, but replication is necessary. in our experience the measurement of 
mrna expression using q-rt-pcr was relatively easy to perform, making it possible to 
examine large groups of possible systemic markers in a relative short period. further 
studies should be performed to evaluate more possible systemic markers for ad, 
in order to establish a panel of plasma biomarkers for ad. for this cause using the 
method of Q-rt-pcr for mrna expression seems promising.

references
1. sunderland t, mirza n, putnam kt, et al. 

cerebrospinal fluid beta-amyloid1-42 
and tau in control subjects at risk for 
alzheimer’s disease: the effect of apoe 
epsilon4 allele. Biol psychiatry. 

2. peskind er, li g, shofer J, et al. age 
and apolipoprotein e*4 allele effects on 
cerebrospinal fluid beta-amyloid 42 in 
adults with normal cognition. arch neurol 
2006;63:936-939.

3. glodzik-sobanska l, pirraglia e, Brys m, et 
al. the effects of normal aging and apoe 
genotype on the levels of csf biomarkers 
for alzheimer’s disease. neurobiol aging 
2007;

4. galasko d, chang l, motter r, et al. high 
cerebrospinal fluid tau and low amyloid 
beta42 levels in the clinical diagnosis 
of alzheimer disease and relation to 
apolipoprotein e genotype. arch neurol 
1998;55:937-945.

5. prince Ja, zetterberg h, andreasen n, 
et al. apoe epsilon4 allele is associated 
with reduced cerebrospinal fluid levels of 
abeta42. neurology 2004;62:2116-2118.

6. fagan am, younkin lh, morris Jc, et 
al. differences in the abeta40/abeta42 
ratio associated with cerebrospinal 
fluid lipoproteins as a function of 
apolipoprotein e genotype. ann neurol 
2000;48:201-210.

7. engelborghs s, sleegers k, cras p, et al. 
no association of csf biomarkers with 
apoeepsilon4, plaque and tangle burden 
in definite alzheimer’s disease. Brain 
2007;130:2320-2326.

8. tapiola t, pirttila t, mehta pd, et al. 
relationship between apoe genotype 
and csf beta-amyloid (1-42) and tau 
in patients with probable and definite 
alzheimer’s disease. neurobiol aging 
2000;21:735-740.

9. itoh n, arai h, urakami k, et al. large-
scale, multicenter study of cerebrospinal 
fluid tau protein phosphorylated at 
serine 199 for the antemortem diagnosis 
of alzheimer’s disease. ann neurol 
2001;50:150-156.

10. Breteler mm. Vascular risk factors for 
alzheimer’s disease: an epidemiologic 
perspective. neurobiol aging 
2000;21:153-160.

11. skoog i, lernfelt B, landahl s, et al. 15-year 
longitudinal study of blood pressure and 
dementia. lancet 1996;347:1141-1145.

12. Qiu c, Winblad B, fratiglioni l. the age-
dependent relation of blood pressure to 
cognitive function and dementia. lancet 
neurol 2005;4:487-499.

13. Bouwman fh, schoonenboom sn, van 
der flier Wm, et al. csf biomarkers and 
medial temporal lobe atrophy predict 



162

CHAPTER 6.1

dementia in mild cognitive impairment. 
neurobiol aging 2007;28:1070-1074.

14. herukka sk, helisalmi s, hallikainen m, et 
al. csf abeta42, tau and phosphorylated 
tau, apoe epsilon4 allele and mci type 
in progressive mci. neurobiol aging 
2007;28:507-514.

15. hansson o, zetterberg h, Buchhave p, et 
al. association between csf biomarkers 
and incipient alzheimer’s disease in 
patients with mild cognitive impairment: 
a follow-up study. lancet neurol 
2006;5:228-234.

16. hampel h, teipel sJ, fuchsberger t, et 
al. Value of csf beta-amyloid1-42 and 
tau as predictors of alzheimer’s disease in 
patients with mild cognitive impairment. 
mol psychiatry 2004;9:705-710.

17. Vernooij mW, van der la, ikram ma, et 
al. prevalence and risk factors of cerebral 
microbleeds: the rotterdam scan study. 
neurology 2008;70:1208-1214.

18. greenberg sm, Vernooij mW, cordonnier 
c, et al. cerebral microbleeds: a guide 
to detection and interpretation. lancet 
neurol 2009;8:165-174.

19. Werring dJ, frazer dW, coward lJ, et 
al. cognitive dysfunction in patients with 
cerebral microbleeds on t2*-weighted 
gradient-echo mri. Brain 2004;127:2265-
2275.

20. cordonnier c, van der flier Wm, sluimer 
Jd, et al. prevalence and severity of 
microbleeds in a memory clinic setting. 
neurology 2006;66:1356-1360.

21. pettersen Ja, sathiyamoorthy g, gao 
fQ, et al. microbleed topography, 
leukoaraiosis, and cognition in probable 
alzheimer disease from the sunnybrook 
dementia study. arch neurol 2008;65:790-
795.

22. dolev i, michaelson dm. a nontransgenic 
mouse model shows inducible amyloid-
beta (abeta) peptide deposition and 
elucidates the role of apolipoprotein e in 
the amyloid cascade. proc natl acad sci u 
s a 2004;101:13909-13914.

23. raber J, huang y, ashford JW. apoe 
genotype accounts for the vast majority 
of ad risk and ad pathology. neurobiol 
aging 2004;25:641-650.

24. schmechel de, saunders am, strittmatter 
WJ, et al. increased amyloid beta-
peptide deposition in cerebral cortex 
as a consequence of apolipoprotein e 
genotype in late-onset alzheimer disease. 
proc natl acad sci u s a 1993;90:9649-
9653.

25. Beeri ms, rapp m, silverman Jm, et al. 
coronary artery disease is associated with 
alzheimer disease neuropathology in 
apoe4 carriers. neurology 2006;66:1399-
1404.

26. engelborghs s, dermaut B, goeman 
J, et al. prospective Belgian study 
of neurodegenerative and vascular 
dementia: apoe genotype effects. 
J neurol neurosurg psychiatry 
2003;74:1148-1151.

27. akiyama h, Barger s, Barnum s, et al. 
inflammation and alzheimer’s disease. 
neurobiol aging 2000;21:383-421.

28. ophir g, amariglio n, Jacob-hirsch J, 
et al. apolipoprotein e4 enhances brain 
inflammation by modulation of the nf-
kappaB signaling cascade. neurobiol dis 
2005;20:709-718.

29. egensperger r, kosel s, von eu, et al. 
microglial activation in alzheimer disease: 
association with apoe genotype. Brain 
pathol 1998;8:439-447.

30. levi o, Jongen-relo al, feldon J, et al. 
Brain area- and isoform-specific inhibition 
of synaptic plasticity by apoe4. J neurol 
sci 2005;229-230:241-248.

31. szekely ca, Breitner Jc, fitzpatrick al, 
et al. nsaid use and dementia risk in 
the cardiovascular health study: role 
of apoe and nsaid type. neurology 
2008;70:17-24.

32. Blennow k, hampel h. csf markers for 
incipient alzheimer’s disease. lancet 
neurol 2003;2:605-613.

33. mattsson n, zetterberg h, hansson o, et 
al. csf biomarkers and incipient alzheimer 
disease in patients with mild cognitive 
impairment. Jama 2009;302:385-393.

34. mulder c, Verwey na, van der flier Wm, 
et al. amyloid-beta(1-42), total tau, and 
phosphorylated tau as cerebrospinal fluid 
biomarkers for the diagnosis of alzheimer 
disease. clin chem 2010;56:248-253.

35. pijnenburg ya, schoonenboom sn, 
mehta pd, et al. decreased cerebrospinal 
fluid amyloid beta (1-40) levels in 
frontotemporal lobar degeneration. 
J neurol neurosurg psychiatry 
2007;78:735-737.

36. schoonenboom ns, pijnenburg ya, 
mulder c, et al. amyloid beta(1-42) and 
phosphorylated tau in csf as markers for 
early-onset alzheimer disease. neurology 
2004;62:1580-1584.

37. Bian h, Van swieten Jc, leight s, et al. 
csf biomarkers in frontotemporal lobar 



163

6.1

GENERAL DISCUSSION

degeneration with known pathology. 
neurology 2008;70:1827-1835.

38. riemenschneider m, Wagenpfeil s, 
diehl J, et al. tau and abeta42 protein 
in csf of patients with frontotemporal 
degeneration. neurology 2002;58:1622-
1628.

39. kapaki e, paraskevas gp, papageorgiou 
sg, et al. diagnostic value of csf 
biomarker profile in frontotemporal 
lobar degeneration. alzheimer dis assoc 
disord 2008;22:47-53.

40. arai h, morikawa y, higuchi m, et 
al. cerebrospinal fluid tau levels in 
neurodegenerative diseases with distinct 
tau-related pathology. Biochem Biophys 
res commun 1997;236:262-264.

41. mckhann g, drachman d, folstein m, et al. 
clinical diagnosis of alzheimer’s disease: 
report of the nincds-adrda Work 
group under the auspices of department 
of health and human services task force 
on alzheimer’s disease. neurology 
1984;34:939-944.

42. kukull Wa, larson eB, reifler BV, et al. 
the validity of 3 clinical diagnostic criteria 
for alzheimer’s disease. neurology 
1990;40:1364-1369.

43. knopman ds, dekosky st, cummings 
Jl, et al. practice parameter: diagnosis 
of dementia (an evidence-based 
review). report of the Quality standards 
subcommittee of the american academy 
of neurology. neurology 2001;56:1143-
1153.

44. Blacker d, albert ms, Bassett ss, et 
al. reliability and validity of nincds-
adrda criteria for alzheimer’s disease. 
the national institute of mental 
health genetics initiative. arch neurol 
1994;51:1198-1204.

45. hogervorst e, Barnetson l, Jobst ka, 
et al. diagnosing dementia: interrater 
reliability assessment and accuracy of the 
nincds/adrda criteria versus cerad 
histopathological criteria for alzheimer’s 
disease. dement geriatr cogn disord 
2000;11:107-113.

46. kazee am, eskin ta, lapham lW, et al. 
clinicopathologic correlates in alzheimer 
disease: assessment of clinical and 
pathologic diagnostic criteria. alzheimer 
dis assoc disord 1993;7:152-164.

47. tapiola t, alafuzoff i, herukka sk, et al. 
cerebrospinal fluid {beta}-amyloid 42 and 
tau proteins as biomarkers of alzheimer-
type pathologic changes in the brain. 
arch neurol 2009;66:382-389.

48. engelborghs s, de Vk, Van de ct, 
et al. diagnostic performance of a 
csf-biomarker panel in autopsy-
confirmed dementia. neurobiol aging 
2008;29:1143-1159.

49. le Bastard n, martin JJ, Vanmechelen 
e, et al. added diagnostic value of csf 
biomarkers in differential dementia 
diagnosis. neurobiol aging. doi:10.1016/
j.neurobiolaging.2008.10.017.

50. dubois B, feldman hh, Jacova c, et 
al. research criteria for the diagnosis 
of alzheimer’s disease: revising the 
nincds-adrda criteria. lancet neurol 
2007;6:734-746.

51. schneider Ja, arvanitakis z, Bang W, et al. 
mixed brain pathologies account for most 
dementia cases in community-dwelling 
older persons. neurology 2007;69:2197-
2204.

52. neuropathology group of the medical 
research council cognitive function 
and ageing study. pathological 
correlates of late-onset dementia 
in a multicentre, community-based 
population in england and Wales. 
lancet 357[9251], 169-175. 20-1-2001.  
ref type: Journal (full)

53. sergeant n, delacourte a, Buee l. tau 
protein as a differential biomarker of 
tauopathies. Biochim Biophys acta 
2005;1739:179-197.

54. mollenhauer B, cullen V, kahn i, et 
al. direct quantification of csf alpha-
synuclein by elisa and first cross-sectional 
study in patients with neurodegeneration. 
exp neurol 2008;213:315-325.

55. hong z, shi m, chung ka, et al. dJ-1 and 
alpha-synuclein in human cerebrospinal 
fluid as biomarkers of parkinson’s disease. 
Brain 2010;133:713-726.

56. Verbeek mm, kremer Bp, rikkert mo, et 
al. cerebrospinal fluid amyloid beta(40) is 
decreased in cerebral amyloid angiopathy. 
ann neurol 2009;66:245-249.

57. li g, sokal i, Quinn Jf, et al. csf tau/
abeta42 ratio for increased risk of mild 
cognitive impairment: a follow-up study. 
neurology 2007;69:631-639.

58. mecocci p, cherubini a, Bregnocchi m, 
et al. tau protein in cerebrospinal fluid: a 
new diagnostic and prognostic marker in 
alzheimer disease? alzheimer dis assoc 
disord 1998;12:211-214.

59. hulstaert f, Blennow k, ivanoiu a, et al. 
improved discrimination of ad patients 
using beta-amyloid(1-42) and tau levels in 
csf. neurology 1999;52:1555-1562.



164

CHAPTER 6.1

60. samuels sc, silverman Jm, marin dB, 
et al. csf beta-amyloid, cognition, and 
apoe genotype in alzheimer’s disease. 
neurology 1999;52:547-551.

61. stefani a, martorana a, Bernardini s, et 
al. csf markers in alzheimer disease 
patients are not related to the different 
degree of cognitive impairment. J neurol 
sci 2006;251:124-128.

62. hock c, golombowski s, naser W, et 
al. increased levels of tau protein in 
cerebrospinal fluid of patients with 
alzheimer’s disease--correlation with 
degree of cognitive impairment. ann 
neurol 1995;37:414-415.

63. andreasen n, hesse c, davidsson p, et al. 
cerebrospinal fluid beta-amyloid(1-42) in 
alzheimer disease: differences between 
early- and late-onset alzheimer disease 
and stability during the course of disease. 
arch neurol 1999;56:673-680.

64. andreasen n, minthon l, clarberg a, et al. 
sensitivity, specificity, and stability of csf-
tau in ad in a community-based patient 
sample. neurology 1999;53:1488-1494.

65. Bouwman fh, van der flier Wm, 
schoonenboom ns, et al. longitudinal 
changes of csf biomarkers in memory 
clinic patients. neurology 2007;69:1006-
1011.

66. zhou B, teramukai s, yoshimura k, et al. 
Validity of cerebrospinal fluid biomarkers 
as endpoints in early-phase clinical trials 
for alzheimer’s disease. J alzheimers dis 
2009;18:89-102.

67. Jack cr, Jr., knopman ds, Jagust 
WJ, et al. hypothetical model of 
dynamic biomarkers of the alzheimer’s 
pathological cascade. lancet neurol 
2010;9:119-128.

68. Querfurth hW, laferla fm. alzheimer’s 
disease. n engl J med 2010;362:329-
344.

69. Braak h, Braak e. neuropathological 
stageing of alzheimer-related changes. 
acta neuropathol 1991;82:239-259.

70. rosenberg rn. translational research 
on the way to effective therapy for 
alzheimer disease. arch gen psychiatry 
2005;62:1186-1192.

71. riemenschneider m, Wagenpfeil s, 
Vanderstichele h, et al. phospho-tau/
total tau ratio in cerebrospinal fluid 
discriminates creutzfeldt-Jakob disease 
from other dementias. mol psychiatry 
2003;8:343-347.

72. van der Vlies, Verwey na, Bouwman fh, 
et al. csf biomarkers in relationship to 
cognitive profiles in alzheimer disease. 
neurology 2009;72:1056-1061.

73. hesse c, rosengren l, andreasen n, et 
al. transient increase in total tau but not 
phospho-tau in human cerebrospinal 
fluid after acute stroke. neurosci lett 
2001;297:187-190.

74. Buerger k, otto m, teipel sJ, et al. 
dissociation between csf total tau and 
tau protein phosphorylated at threonine 
231 in creutzfeldt-Jakob disease. 
neurobiol aging 2006;27:10-15.

75. Buerger k, ewers m, pirttila t, et al. 
csf phosphorylated tau protein 
correlates with neocortical neurofibrillary 
pathology in alzheimer’s disease. Brain 
2006;129:3035-3041.

76. van om, hofman a, soares hd, et al. plasma 
abeta(1-40) and abeta(1-42) and the risk of 
dementia: a prospective case-cohort study. 
lancet neurol 2006;5:655-660.







recommendations and  
conclusion statements 6.2





169

6.2

GENERAL DISCUSSION

recommendations for future research: longitudinal studies and 
development of novel biomarkers
the data explored in this thesis, generated new hypotheses, and supported hypotheses 
already raised by other studies. We found support for a more multifactorial role of the 
apoe ε4 genotype in the early pathogenesis of ad. in addition, we found support for 
the fact that more non-specific processes determine the rate of progression in further 
stages of the pathogenesis of ad. these hypotheses are however not yet widely 
accepted and it is, therefore, important to gain more certainty. 

the studies on the role of the apoe ε4 genotype were performed cross-sectionally 
within our memory clinic cohort. the early pathogenesis of ad is probably a process 
that starts up to decades before patients present with dementia at a memory 
clinic.1 to obtain further insight in the chronology of the processes involved in the 
early pathogenesis of ad longitudinal studies seem essential. and now, with the 
establishment of ab42, tau and ptau-181 as markers for ad pathology, and for instance 
piB-pet, as possibility to make amyloid pathology measurable, and visible, in vivo, it 
seems to be the right time to start these kind of longitudinal studies. to this end a 
cohort of elderly at risk, that are at a stage before the onset of mci or clinical ad, 
would have to be followed. at different time points information should be gathered 
about (possible) risk factors, and different types of body fluids (blood and csf) should 
be obtained at intervals. With this kind of data it could be clarified how early csf 
biomarkers are decreased, or increased, in relation to the onset of clinical ad. in 
addition, the relation to apoe genotype, vascular risk factors and factors causing 
neuronal death, could be examined. this kind of longitudinal study is expensive and 
time consuming, and demanding for subjects included in the cohorts, however for the 
understanding of the pathogenesis it could be essential.

in our studies we have 
focussed on the role of the 
apoe ε4 genotype in the 
pathogenesis, however there is 
a large group of patients without 
the apoe ε4 genotype, that is 
affected with ad. risk genes 
and other risk mechanisms 
should be explored further in 
this group of ad patients. for 
example, the apo J genotype 
could be a possible risk 
gene.2,3 its mechanism in the 
early pathogenesis of ad, and 
its relation to other risk factors 
should be unravelled in the 
same manner as has been done 
for the apoe ε4 genotype.

in our longitudinal studies 
we found support for the 
fact that more non-specific 

and demanding for subjects included in the cohorts, however for the understanding of the

pathogenesis it could be essential. 

In our studies we have focussed on the role of the APOE ε4 genotype in the pathogenesis, 

however there is a large group of patients without the APOE ε4 genotype, that is affected with 

AD. Risk genes and other risk mechanisms should be explored further in this group of AD 

patients. For example, the APO J genotype could be a possible risk gene.78,79 Its mechanism in 

the early pathogenesis of AD, and its relation to other risk factors should be unravelled in the 

same manner as has been done for the APOE ε4 genotype.

Figure 6.3 Non-specific processes determine the rate of progression in AD 

In our longitudinal studies we found support for the fact that more non-specific processes 

determine the rate of progression in further stages of the pathogenesis of AD, as is illustrated 

in the lower part of figure 6.3. Additional studies are warranted to unravel the roles of the 

found non-specific disease processes (i.e. oxidative stress, axonal loss, neuronal cell loss) in 

larger extend. For example, our findings should be examined in relation to MRI results and 

Figure 1. non-specific 
processes determine the 
rate of progression in ad
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processes determine the 
rate of progression in further 
stages of the pathogenesis 
of ad, as is illustrated in 
the lower part of figure 
1. additional studies are 
warranted to unravel the 
roles of the found non-
specific disease processes 
(i.e. oxidative stress, axonal 
loss, neuronal cell loss) in 
larger extend. for example, 
our findings should be 
examined in relation to mri 
results and post-mortem 
findings. in addition, the role 
of the apoe ε4 genotype 
in relation to non-specific 
disease processes should be 
explored further. it is feasible 
that the role of the apoe 
ε4 genotype is also more 
directly related to the non-
specific disease processes as 
shown in figure 2. 

furthermore, it is unlikely that we have examined the whole scope of possible non-
specific damage processes. inflammation probably has an important role in the later 
stages of the pathogenesis of ad, and for this reason biomarkers for inflammation 
should be explored further in longitudinal studies as soon as possible. furthermore, 
biomarkers for other pathologies that could overlap with ad, should be developed 
in order to provide further insight in the overlap with pathologies of other dementia 
types like ftld, dlB and Vad.

the results of this kind of studies may provide suggestions for treatment options 
for later stages of ad pathology. from our current findings, it seems unlikely that at 
the stage of clinical ad the effects of therapies that intervene in amyloid accumulation, 
like vaccination with amyloid antibodies, would yield much benefit. however, therapies 
that target the more non-specific pathogenic processes could possibly be of benefit in 
patients that already are at the stage of clinical ad.4

Figure 2. the apoe ε4 genotype and its possible 
relation to non-specific disease processes

post-mortem findings. In addition, the role of the APOE ε4 genotype in relation to non-

specific disease processes should be explored further. It is feasible that the role of the APOE 

ε4 genotype is also more directly related to the non-specific disease processes as shown in 

figure 6.4.  

Figure 6.4 The APOE ε4 genotype and its possible relation to non-specific disease processes

Furthermore, it is unlikely that we have examined the whole scope of possible non-specific 

damage processes. Inflammation probably has an important role in the later stages of the 

pathogenesis of AD, and for this reason biomarkers for inflammation should be explored 

further in longitudinal studies as soon as possible. Furthermore, biomarkers for other 

pathologies that could overlap with AD, should be developed in order to provide further 

insight in the overlap with pathologies of other dementia types like FTLD, DLB and VaD. 

The results of this kind of studies may provide suggestions for treatment options for later 

stages of AD pathology. From our current findings, it seems unlikely that at the stage of 

clinical AD the effects of therapies that intervene in amyloid accumulation, like vaccination 
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general conclusion statements:
 » the apoe ε4 genotype has a multifactorial role in the pathogenesis of ad
 » non-specific pathological processes seem most harmful in advanced stages of ad
 » Biomarkers for inflammation should be evaluated for the monitoring of disease 

progression of ad
 » efforts on the development of plasma markers should focus on markers that reflect 

systemic response to ad pathology
 » disease specific markers for other types of dementia, e.g. ftld, dlB and Vad, 

should be developed to further distinguish the different pathologies in vivo
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